The loss of land productivity is one of the key challenges facing land use policy-makers worldwide. Pastoralist societies are particularly vulnerable to the loss of land productivity due to their dependence on pastures to raise livestock. Decreasing this dependence through the diversification of livelihood strategies could potentially reduce the vulnerabilities of such societies, with the added benefit of reducing livestock pressure on pastures. This study examines on-pasture income diversification strategies among Kyrgyz pastoralist societies and aims to identify which factors lead to tourism engagement as a non-livestock pasture-related income source. Both individual household and regional (rayon) features associated with diversification are investigated, as are factors such as the perceived high levels of pasture productivity loss. The results show that the income diversification among households differs depending on the number of head of livestock a household owns, regional differences and whether a household manages livestock belonging to others. In addition, the study found no statistically significant result that would show that high perception of pasture degradation would lead to adoption of non-livestock livelihoods, i.e. tourism.
Introduction
Pasture ecosystems are highly vulnerable to external influence and are under heavy pressure in countries where livestock herding remains a major livelihood strategy (Zika and Erb 2009; Tarrasón et al. 2016) . These lands are an important part of the well-being of many societies across the globe, supporting approximately 200 million people worldwide (Davies and Hatfield 2007; O'Mara 2012) . Pastures also have cultural importance for the local population and for those outside of the pastoralist communities (Genovese et al. 2017) . Additionally, from a climate regulation standpoint, pastures around the world serve as an immense perpetual global carbon sink (Smith 2014) . However, over-grazing, manifested as a loss of productivity, is typical in many parts of sub-Saharan Africa, Central Asia and Latin America (Schauer et al. 2015; Preston et al. 2003; Mirzabaev et al. 2016 ).
The reasons for declining pasture productivity are seemingly straightforward. Human-induced degradation has been attributed to over-grazing or other damaging land-use practices (Hilker et al. 2014; Stevens et al. 2016; Kairis et al. 2015; Christianen et al. 2014; Gaitán et al. 2018) . Often, the common property nature of pastures causes Garret Hardin's tragedy of commons (Hardin 1968) , where multiple users compete for the resource. In competition for fodder and lacking other livelihood strategies, pastoralist societies often disregard stocking density norms. At a global level, the response to this declining productivity has led to the emergence of new global initiatives such as Sustainable Land Management programmes, the Economics of Land Degradation Initiative and Land Degradation Neutrality among others. But the fruits of these initiatives have yet to be seen at the local level in areas where they have been introduced (IPBES 2018) .
Theoretically, the loss of pasture productivity can be halted if the pressure on the ecosystems is reduced, i.e. by decreasing the number of head of livestock or improving grazing practices. However, it is challenging to persuade households to limit or decrease the number of livestock when livestock production remains their primary income source and is the dominant livelihood strategy. An alternative livelihood strategy is the introduction of a nonagriculture-based activity that can compensate for or replace the decrease in income resulting from decreased livestock numbers. The falling pasture productivity theoretically could force the households to adopt new livelihood strategies. Thus, income diversification in areas with high pressure on natural pastoral ecosystems has become a high priority and a necessity in many developing countries (Martin and Lorenzen 2016; Addisu 2017; Boncinelli et al. 2018) .
The development of non-agricultural employment is on the policy agenda of many governments and seen as a pathway out of rural poverty. An increase in nonagricultural employment is also associated with higher economic productivity. As in countries with higher income per capita, the share of agriculture in the total economy is typically in the single digits. Thus, the growth of the non-agricultural sector is desirable by policy-makers on a macro level as well.
The literature on the drivers of income diversification among pastoralists highlights many factors that lead to the adoption of new livelihood strategies; this has been well-documented around the world (Watson and van Binsbergen 2013; Addisu 2017; Gecho 2017) . These factors include individual household features such as household size, education of the head, number of assets, total income and individual uncertainty or risk perception. External factors also influence income diversification, particularly large-scale social and economic transformations such as state policy changes or changes in the overall practices associated with herding. The existence of new income opportunities in the villages may also be due to increased labour demand, the availability of infrastructure such as roads, access to financial services and/or physical proximity to markets with increased overall development. Often, the high heterogeneity present in all aspects in rural communities in terms of features such as asset allocation, education, skills, spatial characteristics and institutional quality challenges a successful income diversification policy (Haggblade et al. 2009 ).
The literature divides income diversification into two types: 'distress-push' or 'distress' diversification and 'demand-pull' or 'progressive' diversification (Liu and Lan 2015) . An example of distress-push diversification would be a situation in which the falling profits from agricultural activities force members of a household to look for nonagriculture-based jobs to make ends meet (Liao et al. 2015) . Income diversification causes distress because it is often the case that poorer households are more vulnerable to external shocks such as a sharp drop in agricultural product prices and the incidence of diseases or natural disasters.
Demand-pull diversification refers to a situation in which a household adopts a new income source because of access to new opportunities or a decrease in risk. Income diversification in this case is mainly exercised by richer households that have more assets and which are less vulnerable to the potential risks of branching out (Gecho 2017; Martin and Lorenzen 2016) .
Diversification is important for pastoralist societies because of the elevated risks related to the high levels of uncertainty stemming from factors such as environmental changes, livestock diseases and price volatility for livestock products. Herders can diversify income in two ways. First, they can diversify livestock composition to address the risks associated with sector specialization. Second, they can engage in income-generating activities that do not involve herding livestock, such as tourism.
Few studies have researched pasture-related income diversification in pastoralist societies in Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan), a region that is home to one of the largest populations of pastoralist societies. While many researchers study the income sources of pastoralists (Kerven et al. 2011; Ilibezova et al. 2005) , or their onand off-farm income diversification strategies (Schoch et al. 2010) , no studies appear to address on-pasture income diversification in Central Asia. On-pasture income diversification is important because it requires less drastic changes of lifestyle. For example, on-pasture income strategies, such as providing tourism services, can be combined with the traditional livelihood strategies such as herding and do not require emigration.
This study examines the on-pasture diversification strategies in Kyrgyz pastoralist societies. The main research question is to identify which factors lead to onpasture diversification. Specifically, it is to study whether income diversification is affected by types of herding (i.e. managing one's own herd or managing a mixed herd, one's own and someone else's herd), a household's total income, the household's perception of pasture productivity loss, (district) rayon-specific features and other household features. Finally, the self-reported data are matched with the official data on the loss of pasture productivity to see how to address the ongoing debate on the extent and existence of the pasture degradation in Kyrgyzstan.
Pasture development in Kyrgyzstan
Kyrgyz pastures are vital for the livelihoods of rural Kyrgyz communities which comprise most of the country's population. A semi-arid and mountainous country, 85% of the agricultural land in Kyrgyzstan is pasture land (Land Cadastra of the Kyrgyz Republic 2015). Historically, pastures have held an important meaning in the lives of the local populations. Livestock grazing in Central Asia is an indivisible part of local history, culture and economy. Grazing in Kyrgyzstan is organized to be mobile and seasonal, with herders moving their stocks to high altitude pastures in summer and down to the lower lying valleys in the cooler seasons. These vertical movements are subject to a number of institutional, social, biophysical and economic factors (Liechti 2012; Ludi 2004) .
The loss of pasture productivity is a major agricultural and economic policy concern. The pastures feed most of the country's livestock, thus providing the main source of income for the majority of the country's population. The causes of the loss of pasture productivity in Kyrgyzstan include both environmental factors, such as changes in weather patterns, and anthropogenic factors, such as grazing practices (Mirzabaev et al. 2016; Zhumanova et al. 2016) . Regardless of the cause, what is certain is that the pastoralist societies of Central Asia could benefit from more sustaitainable land management practices to preserve pastures and related strategy.
During Soviet times, collective farms managed the pastures, and despite high stocking density, land productivity was largely preserved through regular monitoring and investment. The break-up of the Soviet Union in the 1990s led to changes in the institutional structures of pasture management Ludi 2004) . The economic crisis which followed the collapse of the Soviet Union resulted in a significant reduction in the number of livestock and, hence, the abandonment of high altitude pastures and widespread rural-to-urban migration. In the years since independence in 1991, the Kyrgyz economy has seen an increase in economic growth and incomes, but it has not led to reduced herd sizes. On the contrary, the growth of GDP per capita has been accompanied by an ever-increasing number of livestock (Tilekeyev et al. 2016) . This is no surprise as livestock is regarded as a form of living cash and, thus, as a savings vehicle. Thus, once the economy started regaining its momentum in the 2000s, the amount of livestock began increasing steadily (Liechti 2012 ) and pasture degradation became an issue (Pasture Department 2015).
According to the official data, about 70% of Kyrgyzstan's natural pastures are now degraded (Pasture Department 2015) . The extent of the degradation and even the understanding of the term are questioned by some authors (Levine et al. 2017 ). However, the degradation has also been confirmed by independent normalized difference vegetation index (NDVI)-based studies using remote sensing (Mirzabaev et al. 2016 ). Levine et al. (2017) also confirmed that NDVI data largely supports the incidence of degradation with few caveats and reported that the analysis could benefit from the use of local ecological knowledge. This paper refers to the degradation as the loss of pasture productivity.
Policy-makers in Central Asia are now faced with a tangled web of formal and informal institutions, as well as biophysical, social and economic factors, related to pasture management Robinson et al. 2016; Sneath 2003; Hauck et al. 2016) . In an attempt to stop the degradation in Kyrgyzstan, institutional pasture management moved from being central and hierarchical to a local, community-based pasture management (CBPM) system in the early 2000s. The CBPM system established local pasture management groups, jayit komitet, who develop pasture use and development plans. Pasture degradation through over-grazing has often been linked with low skill level and knowledge among herders, excessive livestock and weak pasture management institutions (Ludi 2004; Kerven et al. 2011 ). Hence, government policy, with the support of international NGOs, has been focused on local institutional development of the jayit komitet and capacity-building for herders to adopt improved pasture management techniques. Perhaps, it is still too early to evaluate the results of the move to the CBPM system, but its local legitimacy and vulnerability to local power structures has already come under discussion (Dörre 2015) .
Study area
The site was chosen within the Economics of Land Degradation Initiative Study of Central Asia (Quillerou et al. 2016 ) as a representative site to study the current highland pasture land use practices in Kyrgyzstan, using the ecosystem services framework. The Son Kol Lake pastures are one of the largest pastures, located in central Kyrgyzstan at an altitude of 3016 m above sea level. In terms of vegetation and land use, the site is similar to many high altitude Kyrgyz pastures, constituting 45% of the total area of pasture lands in the country (Semenova and Chortonbaev 2014) .
The area, covering 103,300 ha, includes 98,100 ha of land and 5200 ha water (Fig. 1 ). The lake freezes in late October or early November. Son Kol has cold winters and short warm summers. The vegetation cover of the Son Kol basin is mainly comprised of fescue.
Son Kol is primarily used for grazing during summer and, in recent years, has become a popular destination for international and domestic tourism, in part due to the organization of community-based tourism in the early 2000s. Part of the Son Kol area belongs to the Karatal-Japryk National Park. 1 Four municipal districts (rayons 2 ): Naryn, Ak Talaa, Jumgal and Kochkor, share the Son Kol pastures. Table 1 presents the selected characteristics of the four districts and summary statistics of livestock holdings from the households interviewed. Naryn is the largest of the rayons by area but ranks third by population density. Kochkor has the lowest unemployment rate which coincides with the largest livestock numbers, suggesting there is more work related to livestock herding. Jumgal herders have the largest share of own livestock (57%), while for the remaining three rayons the share ranges between 20 and 33%.
Each rayon has an allocated area, and all herders know the borders for their rayon, but trespassing is common. Households move to Son Kol in spring from their villages and stay until the end of summer. Son Kol herders have three income sources: (1) salary for tending somebody's else's livestock (either as a fixed salary or a per head payment); (2) sales of livestock and livestock products (primarily mare's and cow's milk); and (3) nonlivestock-based income (including wages for on-demand services related to tourism). Some households manage only their own livestock herd so their income is limited to two sources. Those households tending their own livestock are referred to as 'owners' while those who manage others' livestock, in addition to their own, are referred to as households with 'mixed herds'. Sales of livestock products are made to intermediaries who collect the livestock from the herders to sell at local markets in nearby cities. The provision of tourism services includes horseback riding, accommodation in traditional yurts and serving meals.
Despite their economic and cultural importance, Son Kol pastures have continued to lose their productivity. Intensive grazing has caused an adverse change in the composition of grass species, resulting in a decrease in forage grass and a dramatic increase in non-forage weed-type plants (Pasture Department 2015).
Methods and materials

Household survey
The questionnaire consisted of four modules with questions gathering different information on the household: (1) socio-economic information; (2) the use of Son Kol (4) the time spent in the village of origin. The questionnaire was in Kyrgyz language and was later translated into English. During the summer of 2015, 90 face-to-face household interviews were conducted using semi-structured questionnaires at Son Kol Lake. After dropping incomplete ones, 85 questionnaires remained for the analysis. Prior to the field work, the questionnaire was piloted and improved. Students from the American University of Central Asia conducted the interviews after they received training by a professional sociologist on data collection and questionnaire administration. All data and the questionnaire are available upon request.
The study is based on the household survey. Laslett and Wall (1972) traced the evolution of the definition of family and household and showed how it changed from kinship to territoriality (Goody 1972) . Globally, the increase of household members' mobility has led to the household multi-locality phenomena (Schier et al. 2015; Weichhart 2015) . In the Kyrgyz context, multi-locality is important due to the rate of high internal and external migration (Thieme 2014) . In relation to the research questions of this study, respondents were asked explicitly about the remittances from off-village family members. However, only two households reported receiving remittances. Thus, in this study the term 'household' refers to a group of people living together, including persons currently living together at pasture and those who remain back in the village. Livestock units (LU) are based on the national regulations, where one sheep equals one LU and cattle is four LU. The LU are provided strictly for the livestock ownership comparison since the study does not assess the pasture capacity.
District level and pasture productivity data
Additional non-survey-based demographic data on the four rayons were also collected. The data includes socioeconomic information such as population size, unemployment rate, geographical area and the distance from Son Kol to the district's main city as reported in Table 1 . All district data comes from the official local and national government statistics offices.
Pasture productivity data were obtained from the National Soil Institute (Giprozem) archives. The institute collects and weights dry matter from representative sites in centners per hectare and identifies the edible share (as compared to the long-term historical natural productivity levels) to estimate the productivity level on an annual basis accounting for weather variability. The Methodology Guidelines for Pasture Management were approved by government decree, Number 148, dated 5 October 2004. Despite some criticism for lack of openness and availability (Robinson 2016) , Girprozem remains the only source of national official data. In this study, I also compare the Giprozem's data on productivity with herders' perceptions on the loss of productivity of their pastures, because those may be different and could play a role in the herders' livelihood diversification decisions.
Statistical tools Diversification indices
Two diversification indices were used. The Shannon index, a well-accepted diversity measurement used in biology, accounts for equity and richness of species and measures livestock diversity (Spellerberg and Fedor 2003; Shannon and Weaver 1949) . The index is determined by the equation:
where H is the Shannon index, pi is the proportion of species i, and ln pi is its natural logarithm. For this study, the Shannon index will assess the diversification level of the livestock composition. The Herfindahl-Hirschman Index (HHI) is a concentration measurement score used to measure income diversification and is commonly used in such studies (Rosenbluth 1955; Hirschmann 1964) . The HHI is determined by the equation:
where HHI is the income diversification index and IS i is the share of income derived from activity i. A high HHI score indicates higher concentration and therefore less diversification. The index takes a maximum value of 10,000 for a household that derives revenues from a single source (livestock herding), and so a lower HHI means a higher income diversification level. The HHI calculation includes livestock and non-livestock income sources.
The regression was used to check the effect of the total household income on the HHI. To satisfy the regression validity requirements, the income was transformed into the natural logarithm and diagnostics tests were performed. To test the non-linear effect of income, I used quadratic function of the income logarithm. Additionally, for this purpose, I used graphical analysis of income quintiles using the xtile STATA command and plotting against the HHI.
Tourism income
A logistic regression is estimated for tourism engagement to see the effect (if any) on household features, location, car and livestock ownership and pasture degradation perception. The logistic regression uses maximum likelihood estimation to calculate the probability of a dichotomous event and is widely used in diversification studies (e.g. Dinku 2018; Liao et al. 2015; Gecho 2017) . To assess the model, the link test is used for model specification error and the Hosmer-Lemoshow tests for the goodness of fit of the model.
Statistical analysis also included standard variability analysis tools for household features, ANOVA and ANCOVA tests and graphical Kernel density distribution analysis for owners and mixed households using STATA 13 and SPSS.
Results
Main income sources
The survey revealed that households in Son Kol had income from various sources, classified as livestock and non-livestock income. Herders are divided into two types, own-herd and mixed-herd households. The livestock income includes salaries for tending others' livestock and revenues from sales of live animals and livestock products. Non-livestock income involves activities related to tourism. In addition, households also received subsidies from the government in the form of child allowances and old age pensions. Subsidies and remittances were excluded from the HHI analysis of income diversification because subsidies are not an intentional household livelihood strategy and the sample had only two remittance-receiving households that benefitted from such transfers on an irregular basis. Table 2 presents household income by source and by type of households, i.e. own-herd households and mixed-herd households. In total, 26 households (31% of the total) managed only their own livestock and 59 herders (69% of the total) had mixed herds. The mixed-herd households either receive a per livestock head monthly payment or a fixed salary. Most households (78%) received a per head payment, while four (7%) had fixed salaries, and nine (15%) did not receive any payment. Those not paid were typically herding the livestock of a close family member. On average, herders received a monthly payment per head of 35 KGS 3 (0.5 USD) per sheep, 200 KGS (3 USD) per cow, and 234 KGS (3 USD) per horse. A mixedherd household managed twice as many animals belonging to others, on average, than their own livestock. Thus, the salary was an important supplement to the household's income.
At the rayon level, the difference between the share of others' and own livestock is more striking, and the largest differences in mean numbers are seen in Ak Talaa and Naryn. The only exception is in Jumgal district, which shows a lower difference between the amount of own and others' livestock in the herds.
Livestock-based income
The other two livestock-based income sources are the sale of livestock products (mare's and cow's milk) and sale of live animals. During summer, the herders sell mare's and cow's milk to intermediaries who collect the milk and take it down to the valley to sell at local town markets. Herders also sell a small share of the milk to tourists. Throughout the year, the households also sell live animals. Sixty-nine households (81%) derived income from the sale of live animals, with a mean monthly income of 17,791 KGS (258 USD) for own-herd and 16, 796 KGS (243 USD) for mixed-herd households. The sale of livestock products was the second most popular option, with 67 households (79%) utilizing this strategy, as compared to 50 households (59%) deriving income from livestock tending fees. When these three livestockbased sources are compared in terms of the highest mean income they provide, livestock sale income of herders have the highest mean of 17,791 KGS (258 USD). The sale of livestock products brought in the least mean income of 6712 KGS (97 USD) for mixed-herd pastoralists. However, when total mean incomes are compared, the households who sold live animals (i.e. households who reported positive income from the sale of animals) had the highest mean total income (47,330 KGS or 686 USD).
Non-livestock-based income
Tourism-based income sources include household provision of services for locals and foreigner visitors such as accommodation, food and guide services. Other wage income sources come from such occupations as a school teacher or local government administrator, and on-demand labour services (e.g. a driver, farm hand or a construction worker). Tourism was the most popular non-livestock-based method for generating income and provided the highest mean income among the nonlivestock-related sources. Those households engaged in tourism had the highest mean income, followed by those earning other non-livestock income. The mean monthly income of the households engaged in tourism was 50, 330 KGS (729 USD) while livestock-based households earned 17,297 KGS (251 USD). The difference was statistically significant at 1% level.
In total, 21 households, or a quarter of all households, earned income from tourists. The four herders who herd others' livestock on a fixed salary did not engage in tourism. The share of tourism engagement was different between own-herd households and mixed-herd households paid on a per head basis. Of the own-herd households, 43% of them engaged in tourism (16 households), compared with only 13% (13 households) of the mixedherd households.
Also, the mean on-pasture income of owners (37,045 KGS or 537 USD) was higher than the mean tourism earnings of the mixed herders (27,245 KGS or 295 USD), and the difference was statistically significant at the 5% level.
Overall, the herders can be divided into three categories: poor, rich and in-between. Poor households typically have none or few livestock and herd others' livestock. On average, they manage about 70 livestock units and sell milk at the pastures. In addition, to the livestock income they rarely provide tourism services; as a result in this group only two households provide tourism services.
Rich households typically herd only their own livestock and on average have about 160 livestock units. The richest one had about a thousand livestock units. Most of these households (64%) also have income from tourism. The in-between group is diverse, and is challenging to categorize strictly based on their livelihood activities.
The loss of pasture productivity perception
One of the objectives of this study is to see if pasture degradation leads to adoption of non-livestock livelihood, i.e. tourism. If households perceive the pastures to be degraded, it is possible that households, in collaboration with community administrators, could reduce livestock numbers to allow the pastures to recover. Conversely, if a household perceives the pastures to be degraded, but they have no other income-earning alternatives, then that household might continue to undertake herding activities, thus further degrading the pastures. Thus, the perceived state of the pastures could be related to the income diversification strategies taken by some households.
Households were asked whether they thought that 'The Son Kol pastures are degrading due to the high number of livestock'. The response to the Likert-style question gave a score of 1 if the household strongly disagreed and 5 if they strongly agreed. The survey results varied among households and by district. On average, the highest agreement was in Naryn, indicating that herders from Naryn demonstrate the highest concern for the impact of the growing number of livestock and understand the connection of this to loss of pasture productivity. Herders in Kochkor, by contrast, tended to demonstrate the highest mean disagreement. Table 3 compares the state of pasture productivity based on the official data with the households' perception of their pastures.
It is a challenge to make an exact comparison between the official data on the loss of productivity and the households' perceptions, because of the different measurement approaches applied. Nevertheless, in three rayons, the households' perceptions generally coincide with the official data on the loss of productivity. However, despite the official data indicating the highest loss of productivity in Kochkor, the 
Diversification
Livestock diversification
The typical herder has sheep, goats, horses and cows. At the rayon level, the largest amount of livestock is in Kochkor and smallest in Jumgal (Table 1) . Possession of livestock follows a similar pattern, with sheep and goats constituting the largest share ranging from 82 to 93%. However, the size of the herds differs, with the largest herds in Kochkor (9780) with 287 animals per household and smallest total number in Jumgal (1590) with 72 animals per household. The livestock diversification index is reported in Fig. 2 . The mean Shannon index of 0.5 with a standard deviation of 0.26 shows that the pastoralists have relatively diversified livestock herds.
The livestock diversity distribution is the highest in Jumgal and Kochkor rayons and makes 0.68 and 0.53, respectively. While Ak Talaa and Naryn rayons have less diversified livestock, they have 0.46 and 0.31 respectively because these households tend to have higher share of sheep and goats as compared to other types of livestock. Test of means showed that the difference between rayons was statistically significant at the 5% level. Table 4 reports the results of the HHI measuring the degree of income diversification by type of household and across rayons. The overall Herfindahl-Hirchmann Index varied between 3427 and 10,000 with a mean of 8613 and standard deviation of 1945. The mean HHI was the highest in Jumgal rayon and equal to 9223. This indicates that Jumgal is the least diversified in terms of income. The lowest mean index was in Kochkor (8074) suggesting the highest rate of diversification. An ANOVA t test showed that the difference between rayons for the Herfindahl-Hirschman Index was significant at a 1% level.
Income diversification
When compared using the index, the mean values of the own-herd and mixed-herd groups also varied. The difference between own-herd and mixed-herd households suggests that owners tend to have more diversified livelihood strategies. The t test showed that the difference was significant at the 10% level. However, the HHI followed the same patterns, so Jumgal's both own and mixed-herd households were least diversified (i.e. highest HHI) and Kochkor's two groups were the most diversified (i.e. lowest HHI). This confirms that the least income diversification occurs in Jumgal, where livestock remains the major income source while Kochkor herders diversify their sources through salaried jobs and tourism. Table 5 presents the regression results that show the positive relationship between livestock-based income and diversification with significance at 5% level. However, owners' income diversification increases only up to a certain point as income grows, and then, diversification appears to decrease. A positive coefficient implies that higher diversification is correlated with higher household income and then at certain level it is negative. The pattern also was confirmed by plotting the income quintiles against HHI (Figure 6 in Appendix).
Tourism engagement
As I have shown earlier, the households who engage in tourism ventures have higher incomes (see the 'Non-livestock-based income' section). Table 6 shows the results of the logistic regression that state the further distance from rayon's centre to the capital and number of others' livestock in the herd decreases likelihood of the engagement into tourism. The effect of pasture degradation perception was not significant at the 10% level. So, it suggests that perceiving falling pasture productivity does not lead to adoption of non-livestock income.
Discussion
The herders in the Son Kol area share the same pastures but use different on-pasture income diversification strategies. The pastoralists mitigate the risks through diversification of livestock composition and adoption of alternative income sources. So, the study used two diversification indicators, one for the composition of livestock and one for income. The results showed that the pastoralists pursued a number of different livelihood strategies and combined livestock-based activities with other income-earning activities.
Households with the least number of head of livestock and located where regional unemployment level is the highest tend to have more diversified livestock composition, but the lowest income diversification levels. A mixture of large and small ruminants, grazers and browsers can optimize the utilization of available resources and minimize their exposure to risk (Nori 2007) . So, Jumgal rayon herders showed the highest livestock diversification but the lowest income diversification. This is probably due to a lack of opportunities, as new livelihood strategies require investment (Ellis 1999; Gecho 2017) . Jumgal is located further from the main markets and also has a high unemployment rate.
Another insight is the heterogeneity between owners and mixed herders. Own-herd households have more diversified incomes than mixed-herd households. Own-herd households tend to have both higher mean incomes and higher diversification of incomes, the latter of which was true for all rayons. The mean incomes from tourism of the own-only herders were also higher. This suggests that herding others' livestock provides income; however, it limits the opportunities to adopt new livelihood strategies both because of lack of free time and because they already earn additional income from the salary for herding.
The share of households engaged in tourism is relatively small, but those households boast the highest incomes. This share is even smaller among mixedherd households. The booming international tourism activity potentially could weaken the heavy reliance on livestock. However, it should be also underlined that, while the mean tourism earnings are high, this source is only available for 2 months of the year, limiting it to only a supplementary livelihood strategy, while livestock-based income is available throughout the year. A smaller distance to market was also associated with a higher likelihood of tourism engagement. This indicates that closer distance to places with high economic activity provides more opportunities for non-agricultural employment.
The relationship between income and income diversification was not linear so the diversification increased as income rose, but after a certain point, it started falling. This is in line with the literature that finds that increasing incomes also leads to an increase of the livestock numbers for the purposes of investment and savings (Schoch et al. 2010) . It is safe to conclude that increase of incomes among mixed-herd households will lead to their transformation into own-herd household. Another natural question stemming from this is whether, as income increases, ownherd households will continue to increase investment into livestock or will expand into other non-livestock livelihoods? Further studies with larger samples and more qualitative methods might clarify the relationship between income growth and livestock. Moreover, these findings should be treated cautiously since this study primarily referred to the on-pasture high income. It would be interesting to study more the relationship between income and livestock numbers in the Kyrgyz context.
The assessment of the degradation perception showed that in three rayons, the herders' perceptions generally coincided with the official data on the loss of productivity. Only in one rayon (Kochkor) was the perception different from the official data. This is important because there is a discussion, both in the literature and empirical work, about the validity of the official data. The results do not claim to evaluate the accuracy of the official data, but the herders' perceptions of the degree of pasture degradation largely support the official accounts.
Interestingly, the high perception of pasture degradation did not lead to more adoption of the non-livestock income, namely, tourism. Therefore, it seems that herders acknowledge the decline of the major natural resource but are reluctant or unable to adopt any new livestock livelihood strategy. This finding is also in line with the literature that finds the widening gap between policy-makers and pasture users (Kasymov et al. 2016) , so dependence of pasture productivity on the pastoralists' well-being is not well communicated or at least neglected. It is hard to tell why this is happening. On the other hand, declining pasture productivity does not reduce the herding fees, as looking after others' livestock has been a long-standing practice in Kyrgyz communities, and the results suggest that now it impedes household engagement into tourism. On the other hand, Ouedraogo and Davies (2016) suggest that pastoralists' cultural norms may prevent adopting new income sources. Therefore, in the case of the Son Kol households, herding others' livestock is a well-established way of life, and even higher profits of tourism are not sufficient to change the habit.
The findings of the study suggest that the adoption of non-livestock livelihood options, even on pasture, is a complex issue entangled with individual circumstances, regional features and perhaps cultural norms. Income diversification requires a raise in income from the traditional ways and gradual adoption of the new income sources. However, external inputs such as provision of capacity-building investments and raising awareness about alternative livelihood sources could potentially increase the adoption of the new incomes.
The globally growing pasture-based tourism will certainly bring many new opportunities for the pastoralist communities in Kyrgyzstan and Central Asia. However, the benefits may not affect everyone equally, so the traditional herding-based households are less likely to profit whereas more income-independent (e.g. have own livestock) communities with better access to the central markets will enjoy increasing revenues.
Conclusion
As this study has demonstrated, adoption of nonlivestock-based income can be an important household livelihood strategy. Specifically, the provision of tourism services can greatly contribute to the well-being of the pastoralist communities in Kyrgyzstan, namely, provide higher incomes and potentially reduce pressure on pastures. However, the adoption of new income sources depends on individual household and regional features. In addition, the study also found no link between household's concern about decreasing pasture productivity and adoption of non-livestock income. The results of the study could be used for lobbying about tourism benefits in pastoralist societies and decreasing reliance on the livestock.
Policy recommendations
Any diversification policy should account for individual household features such as the share of reliance on livestock. In addition, it is important to distinguish between the own-only herd owners who have more diversified incomes, while the poorer households who rely mainly on livestock pursue livestock diversification. Moreover, the results suggest that families with higher on-pasture income tend to have mutiple income strategies more often, indicating that any new policy should aim to aid income diversification among the poorest households who also rely mainly on a singe income source.
The results also suggest that tourism adoption is also related to the district infrastructure features such as roads granting access to high areas of high economic activity. Only the government can provide these. Hence, policy-makers' efforts to reduce pressure on pastures should include off-pasture infrastructure development.
To my knowledge, this is the first study on on-pasture income diversification factors among pastoralists in Kyrgyzstan, and perhaps in Central Asia. Future studies could benefit from the inclusion of data such as the education of the household members, the quality of the roads, access to loans and whether household members have participated in training programmes on nonlivestock-based income opportunities. 
